Water year is the 12-month period from October 1 through September 30. The water year is designated by the calendar year in which the water year ends and that includes 9 of the 12 months.
Introduction
The Neosho madtom, Noturus placidus, (Taylor, 1969 ) is a small [less than 75 millimeters (mm) in total length] ictalurid that is native to the main stems of the Neosho and Cottonwood Rivers in Kansas and Oklahoma and the Spring River in Kansas and Missouri (Luttrell and others, 1992; Cross and Collins, 1995; Wilkinson and others, 1996) . The Neosho madtom was federally listed as threatened by the U.S. Fish and Wildlife Service (USFWS) in May 1990 (U.S. Fish and Wildlife Service, 1991) . This species occupies parts of riffles with mean current velocity of 79 centimeters per second (cm/s), mean depth of 0.23 meter (m), and unconsolidated pieces of pebble and gravel substrate, 2 to 64 millimeters (mm) in diameter (Moss, 1983) . Neosho madtoms feed at night on larval insects found among the gravel (Cross and Collins, 1995) . Based on samples collected throughout the year (day and night), the greatest numbers of Neosho madtoms occur in riffles during daylight hours in late summer and early fall after young-of-year are believed to have been recruited to the population (Moss, 1983; Luttrell and others, 1992; Fuselier and Edds, 1994) . Previous research indicates that Neosho madtoms have a life cycle that is annual in nature, with recruitment of young-of-year into adult collection gear about the time the adults begin to disappear from collections (Fuselier and Edds, 1994) .
The USFWS has been monitoring Neosho madtoms since 1991. Using the first 8 years of USFWS monitoring data, Wildhaber and others (2000) analyzed whether or not Neosho madtom densities were affected by other catfish species, reservoirs, and hydrologic characteristics. The USFWS requested an update of this report including the years 1999 through 2008. In addition to the USFWS monitoring data, permission was given to use additional data from the Spring River collected by the Missouri Department of Conservation (MDC) as part of that agencies' conservation efforts for Neosho madtoms (Doug Novinger, Missouri Department of Conservation, oral commun., 2009).
Methods
The following methods are relevant to the data collected by USFWS for this analysis, and specifics are described in Wildhaber and others (2000) . Data from the Missouri section of the Spring River after 1995 were collected by MDC using slightly different methods (Doug Novinger, unpub. data, 2007 -2008 . The main difference between these two datasets are specified in the sections below; however, the methods were similar enough at the gravel-bar level that combining data is appropriate. Because of sampling, chemical, and geographic differences between the Spring River and the Cottonwood/ Neosho Rivers, we performed separate analyses for these two systems. A brief summary of relevant methods follows.
Gravel-Bar Sampling
From 1991 to 2008, gravel bars (shoreline collections of pebbles up to 38 mm in diameter that extend out into the river and were believed to provide suitable habitat for Neosho madtoms) were sampled by USFWS for monitoring Neosho madtom populations (U.S. Fish and Wildlife Service, 1991) . Generally, the same gravel bars, or those in the same river reaches, were sampled each year. Sampling at all locations occurred during daylight hours between August and October, after Neosho madtom young-of-year recruitment was expected to have occurred.
Before sampling, three to five transects perpendicular to the river channel were equally spaced to span the length of the gravel bar. In most instances, five stations were spaced equally along each transect with a minimum distance of 2 m between adjacent stations. The MDC randomly selected five transects within six equal-length longitudinal sections of the gravel bar perpendicular to the river channel. Five stations along each transect were selected by MDC using a random distance offset (transect length multiplied by one-fifth, multiplied by random proportion). For all sampling, fewer than five stations were established if the river channel was less than 10 m wide or if a station occurred at a depth too great to seine (less than 1.25 m). Transects on a gravel bar were sampled from downstream to upstream. On each transect, stations were sampled from nearest to most distant from the streambank.
At each location, sampling proceeded in the following order to minimize the impacts of samples on each other: fish were collected, then water depth and water velocity measurements were made. The counts of all benthic fishes were recorded, and the fish were released. This study analyzes only captured ictalurid species that included black bullhead, Ameiurus melas; blue catfish, Ictalurus furcatus; brindled madtom, N. miurus; channel catfish, I. punctatus; flathead catfish, Pylodictis olivaris; freckled madtom, N. nocturnus; Neosho madtom; slender madtom, N. exilis; stonecat, N. flavus; and Tadpole madtom, N. gyrinus. Fishes were collected from a 4.5-square meter (m 2 ) area by disturbing the substrate by kicking, starting 3 m upstream from a stationary seine (3.0-square millimeter (mm 2 ) mesh) and proceeding downstream to the seine. The MDC collected fish from a 3.6 m 2 area by disturbing the substrate, starting 2 m upstream from a stationary seine (3.2 mm 2 mesh). For all sampling, water depth and water velocity at 60 percent of water depth was measured.
Hydrologic Data
We obtained U.S Geological Survey (USGS) hydrologic data in the form of daily mean flows from streamgages on the Neosho, Cottonwood, and Spring Rivers. We used hydrologic data from the streamgages recorded during 1990 to 2008 at Americus, Plymouth, Burlington, Iola, and Parsons, Kans., Commerce, Okla., and Waco, Mo., to test relations among Indicators of Hydrologic Alteration (IHA) parameters and Neosho madtom densities ( fig. 1 ).
For the sampling location downstream of the confluence of the Neosho and Cottonwood Rivers and upstream from John Redmond Reservoir ( fig. 1 ), we added hydrologic data together from two streamgages, one near Americus, Kans. on the Neosho River and one near Plymouth, Kans. on the Cottonwood River. The streamgage near Americus is 38.6 kilometers (km) upstream from the mouth of the Cottonwood River. The streamgage near Plymouth is 63.1 km upstream from the confluence with the Neosho River. The Americus and Plymouth streamgages are the nearest ones upstream from John Redmond Reservoir. There are no streamgages between the confluence of the Neosho and Cottonwood Rivers and the reservoir. Because the hydrologic data used consisted of daily means, the data from the Americus and Plymouth streamgages could be considered synchronized; therefore, as a conservative estimate, we summed the hydrologic data from these two streamgages to represent the Neosho River hydrograph above the reservoir and below the confluence streamgage the Neosho and Cottonwood Rivers.
Statistical Analyses
We analyzed the fish population and physical data to assess differences between locations above and below John Redmond Reservoir, as well as differences across years. Arithmetic means were calculated for depth and velocity. We calculated location densities for four categories of fish: Neosho madtoms, channel catfish, stonecats, and all nonNeosho madtom ictalurids combined. The last grouping was established because some species of ictalurids were not collected often enough to allow separate species-level analyses. We calculated fish densities by dividing the total number of Neosho madtoms, all other catfishes combined, channel catfish, and stonecats collected at a given location by the total area sampled by kickseining to arrive at fish density per square meter. Because differences were examined at the gravel-bar scale, we scaled the fish density up to that of the smallest bar sampled, which was 36 m 2 ; consequently, all fish densities are reported from an area of 36 m 2 . Mean daily flow data were summarized before analysis using IHA parameter estimates produced with the Indicators of Hydrologic Alteration software, version 7.0.0 (Nature Conservancy, 1996 Conservancy, -2006 . All IHA parameters were calculated using nonparametric statistics; that is, by assuming the discharge data had a non-normal distribution. IHA nonparametric statistics use the median value except for the 1-to 90-day minima and maxima. We used nonparametric statistics instead of parametric statistics as in Wildhaber and others (2000) , because of the non-normal distribution of the hydrologic data. As is standard in the IHA software, the four parameters relating to frequency and duration of high and low pulses were calculated relative to all years (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) .
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Because the primary interest in this analysis is whether the John Redmond Reservoir affects catfishes in the Neosho and Cottonwood Rivers, we conducted separate two-way Analyses of Variance (ANOVA) with year and position above or below the reservoir as factors. The ANOVAs were performed on values per sampling location, for fish densities, depth, and velocity. The ability to normalize variables through transformations and equal sample sizes allowed the use of the power and robustness of ANOVA to test for fish densities, depth, and velocity differences among hydrologic parameter mean values relative to the position above or below the reservoir despite the differences in variance that may have existed (Milliken and Johnson, 1984) .
Pearson's correlation coefficients were used to assess relations between the densities of Neosho madtoms, all other catfishes combined, channel catfish, stonecats, depth, and velocity. A regression analysis was used to examine the slope of the relation between location-level Neosho madtom density and sampling year.
Separate two-way Analyses of Covariance (ANCOVA) were performed on Neosho madtom densities for each IHA parameter to assess the relations between densities and IHA parameters after adjusting for effects attributable to year and position relative to the reservoir. The above-the-reservoir versus below-the-reservoir association in the ANCOVA models accounted for relations that were the result of upstream to downstream patterns deriving from potentially important factors such as stream size and the presence of the reservoir. The goal of the ANCOVAs was to determine if Neosho madtom population trends were related to IHA parameters independent of the two main factors within the design of the study (that is, year and presence of the reservoir). For the ANCOVAs, we conducted separate analyses using the current (same water year the fish were sampled) and preceding water year (water year prior to when the fish were sampled) from the streamgage closest to the gravel bar sampled. Because there were fewer streamgages than there were gravel bars sampled, we grouped the gravel bars, referred to as locations, by nearest streamgage (that is, Plymouth, Americus, Plymouth and Americus combined, Burlington, Iola, Parsons, Commerce, or Waco; fig. 1 ). Using this grouped structure, the Neosho madtom location densities in each year were averaged by streamgage structure before any ANCOVAs were conducted. These averaged values are referred to as streamgage-level averages. Because there is only one streamgage on the Spring River, the analysis of that streamgage-level was simplified to a simple linear regression of IHA verses year. The associations between streamgagelevel Neosho madtom density averages and IHA parameters were examined using Pearson correlation coefficients.
Because of the annual nature of the life cycle of the Neosho madtom, it is possible to compare density relations with IHA parameters in the current and preceding water years to assess whether or not population trends were the result of survival to reproductive age (or reproductive success) and/ or survival of young-of-year to recruitment to the population, respectively. To confirm this assumption, we tested whether the yearly density of Neosho madtoms were independent by calculating the Durbin-Watson statistic for any ANOVA that did not have year as a discrete factor, and the Hoeffding dependence coefficient for all Pearson correlation coefficient analyses. These statistics were only calculated for tests where the number of observations was greater than five.
All statistical tests were conducted using SAS software version 9.1.3 (SAS, 2004) . Means were checked for normality and tested for homogeneity of variance by using a Levene's test. Most non-normal variables were log 10 +1 transformed. All relations for which P < 0.05 were considered significant.
Results
Neosho Madtom Monitoring
During the 16 years of data collection, most of the monitoring locations have remained in similar areas ( fig. 1 ). The number of locations sampled above and below John Redmond Reservoir were similar but varied somewhat owing to high-water conditions, shifting gravel bars, and budget and time constraints (table 1) . In 1993, sampling was not possible because of extreme flooding. For this analysis, 195 locations were used (Cottonwood River, 20; Neosho River, 93; Spring River, 34; Spring River by MDC, 48 ). An additional 9 locations were sampled using non-standard procedures and they were not used in this analysis (table 1, Neosho River, 8; Spring River, 1). Two locations did not have depth and velocity data recorded, consequently 193 locations were used in the habitat analyses.
Species Associations
In the Cottonwood and Neosho Rivers, Neosho madtoms had a significant, positive association with all catfish species (table 2). The only difference between Neosho madtom density in the Cottonwood/Neosho and Spring Rivers was that Neosho madtom density had a significant positive association with velocity in the Cottonwood/Neosho Rivers and not in the Spring River. The Hoeffding coefficient, which measures independence, ranged from -0.01 to 0.05. This range is not close 
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to 1 (the statistic can range from -0.05 to 1); consequently, the data are considered independent and the correlations valid (SAS, 2004) .
Reservoir Associations
After 1998, only seven locations were sampled in 3 years upstream from John Redmond Reservoir; consequently, there were only 3 additional years in this analysis since the previous report (Wildhaber and others, 2000) . Testing for reservoir associations limited the data to only those years where locations above and below the reservoir were sampled (n = 88). The position of the location above or below the reservoir explained a significant amount of the variation only in the Neosho madtom density after accounting for the yearly variation (table 3) . None of the variation in either habitat variable was significantly explained by year or position relative to the reservoir.
Indicators of Hydrologic Alteration Associations
After averaging up to the streamgage level, there were 71 observations available with which to examine the association between hydrology and Neosho madtom density (Cottonwood/Neosho River, 57; Spring River, 14). The streamgagelevel densities immediately below the reservoir were the second lowest compared to the other densities ( fig. 2) . The locations near the Commerce streamgage had the lowest average density of Neosho madtoms and are the farthest downstream in the Neosho River (fig 1) .
After removing the variation due to year and reservoir associations, the density of Neosho madtoms in the Cottonwood/Neosho Rivers was positively associated with the average June and October discharge, annual minimum, and 1-, 3-, and 7-day minima from the preceding water year (water year prior to when the fish were sampled; table 4). During the current water year (same water year the fish were sampled), the density of Neosho madtoms was positively associated with low-pulse count, 1-day maximum, and 1-, 3-, 7-, and 30-day minima. The range of the Durbin-Watson statistics for these 62 tests was 2.43 to 2.93, with a mean of 2.67. This would indicate independence of the observations for each test because they are close to 2 (range of statistic is 0 to 4; SAS, 2004).
After removing the variation due to year and reservoir associations, the density of Neosho madtoms in the Spring River was positively associated with the previous water year's average May and September discharge, and 7-day maximum (table 4). During the current water year, the density of Neosho madtoms was positively associated with average October and May discharge and rise rate. The range of the Durbin-Watson statistics for these 62 tests was 1.52 to 2.32, with a mean of 1.90. This would indicate independence of the observations for each test because they are close to 2 (range of statistic is 0 to 4; SAS, 2004).
Site-Level Trends
The most years sampled at one location was 12, which occurred at three different locations (table 1). Neosho After averaging the sampling locations up to the site level (mean IHA parameters are given in the appendix; Cottonwood/Neosho Rivers, 66 total observations from 7 sites; Spring River, 23 total observations from 3 sites), there were many negative associations between average Neosho madtom densities and the IHA parameters, but only 30 of 620 comparisons were statistically significant (tables 6-8). The Hoeffding coefficient for the Cottonwood/Neosho River sites ranged from -0.16 to 0.40, with a mean of -0.01, and -0.18 to 0.18 with a mean of -0.04, for the current and previous water years analysis, respectively. For the Spring River sites, it ranged from -0.13 to 0.33, with a mean of -0.0003 and -0.20 to 0.39, with a mean of -0.02 for the current and previous water years analysis, respectively. These ranges are not close to 1 (the statistic can range from -0.05 to 1), consequently the data are considered independent and the correlations valid (SAS, 2004) . Table 5 . Slope of regression analysis and the P-value of the Durbin-Watson T-statistic for each site.
[--, not enough data to perform analysis; NWA, National Wildlife Area; MDC, Missouri Department of Conservation; *, due to no variation in density, no P-value can be calculated] a Indicates significance at the 0.10 level.
River
b Indicates significance at the 0.05 level.
Summary
At the locations monitored by the U.S. Fish and Wildlife Service, the density of Neosho madtoms has steadily declined until 2008; however, the associations of Neosho madtom densities with respect to the John Redmond Reservoir and other catfish species remains consistent with Wildhaber and others (2000) . In the Neosho and Spring Rivers, Neosho madtoms had a significant positive association with all catfish species. The position of the site relative to the reservoir explained a significant amount of the variation only in the Neosho madtom density after accounting for the yearly variation. The average density of Neosho madtoms at the streamgage immediately below the reservoir had the second lowest compared to the other streamgages. The positive IHA associations with Neosho madtoms that remained consistent from the previous report of Wildhaber and others (2000) included the 1-, 3-, and 7-day minima and the annual minimum from the previous water year and the 1-, 3-, 7-, and 30-day minima from the current water year. 
